ABSTRACT Four cultivars of broccoli (Brassica oleracea L. variety ÔitalicaÕ), two cultivars of early caulißower (Brassica oleracea L. variety ÔbotrytisÕ), four cultivars of late caulißower, and one cultivar of red cabbage (Brassica oleracea L. variety ÔcapitataÕ) were screened to determine some reproductive parameters of Aleyrodes proletella L. in a no-choice assay. The highest and lowest oviposition rates and production of pupae and adults were obtained with late caulißower (cultivar Picasso) and red cabbage (cultivar Cabeza negra), respectively. The highest percentages of adult emergence (indicating survival from egg to adult) were obtained on broccoli (cultivar Chevalier) and late caulißower (cultivars Mayfair and Picasso), whereas the lowest was obtained on late caulißower (cultivar Arbon). In a choice experiment, A. proletella preferred late caulißower (cultivar Picasso) and broccoli (cultivar Agripa) to red cabbage (cultivar Cabeza negra). SigniÞcantly more adults per day, and more pupae and empty pupal cases per plant, were found on broccoli and caulißower cultivars than on red cabbage. In another no-choice assay at 22 Ϯ 1.5ЊC, A. proletella required signiÞcantly more days for development on red cabbage than on broccoli and caulißower cultivars. A. proletella developed signiÞcantly faster on broccoli cultivars Agripa and Chevalier and late caulißower cultivars Mayfair and Picasso. These results suggest that it is important to minimize the use of broccoli (cultivars Agripa and Chevalier) and late caulißower (cultivars Mayfair and Picasso) to avoid the risk of further expansion of whiteßy populations where these Brassica crops and A. proletella are present.
Control of A. proletella is based mainly on the use of the most common insecticides effective against other whiteßies such as Bemisia tabaci (Gennadius) or Trialeurodes vaporariorum (Westwood), but alternate means of control are being sought because of environmental concerns about the use of pesticides in agriculture (Laska and Zelenkova 1988 . Despite the importance of studies on insect-plant interactions, few investigations on host plant selection of this whiteßy have been undertaken to date (Muñ iz and Nebreda 2003) . More detailed studies on the biology and ecology of this insect species on host plants are needed. The main objective of this study was to examine the variation in host preference and suitability of A. proletella for a number of commercial Brassica cultivars so that effective management strategies can be developed in those places where these crops and whiteßies co-occur.
Materials and Methods

Reproduction of A. proletella (No-Choice Assay).
Seeds of four cultivars of broccoli Brassica oleracea L. variety ÔitalicaÕ (Chevalier, Marathon, Agripa, and Navona), two cultivars of early caulißower Brassica oleracea L. variety ÔbotrytisÕ (Matra and Nautilus), four cultivars of late caulißower (Pierrot, Arbon, Mayfair, and Picasso), and one cultivar of red cabbage Brassica oleracea L. variety ÔcapitataÕ (Cabeza negra) were germinated and grown in 12-cm plastic pots in a standard soil mix and placed in a greenhouse at 23:15ЊC (light:dark) and 70Ð 78% RH. Adult whiteßies were collected with aspirators from a large stock colony reared on caulißower plants for 12 generations in a climatic chamber at between 20 and 23ЊC with 75Ð80% RH. At 60 d of age (six to eight true leaves stage), the plants were infested with adult A. proletella females in clear plastic truncated cone clipcages (3.6 cm maximum diameter; 2.6 cm minimum diameter; 4 cm high) (Muñ iz and Nombela 1997). One 5-d-old mated female was introduced into each of 220 clip-cages (one cage per plant; 20 plants per Brassica cultivar) attached to the most expanded leaf of every plant. This was consistent for all cultivars. Plants were held in a PGV 36 Conviron chamber at the Centro de Ciencias Medioambientales (Madrid, Spain). Conditions in the climatic chamber were maintained at 23:18ЊC (L: D), a photoperiod of 14:10 (L:D) h, and 65Ð70% RH. Whiteßies were allowed to oviposit over a 10-d period, after which they were removed. The plants were transported to the laboratory, where the outline of the cages was marked, and the marked area was examined using a dissecting microscope to record the number of eggs laid. The plants were subsequently moved back to the climatic chamber, and the clip-cages were replaced to exclude oviposition by potential remaining female whiteßies. After a variable number of days, depending on the cultivar, the numbers of pupae on every plant were recorded. These pupae were allowed to develop to adults and empty pupal cases (representing emerged adults) were also counted.
Host Preference of A. proletella (Choice Assay). The same Brassica cultivars were grown using the previous described methodology. When the potted plants were 30 d old, they were moved to a greenhouse and randomized in a complete block design with 10 replicates per cultivar. Each plant was equidistant from the adjacent pots so that their leaves did not touch each other. Three days after moving the plants to the greenhouse, Ϸ1,000 individuals of A. proletella were randomly released over the plants in the greenhouse. To allow a free distribution of the insects on the plants, the number of adults was counted in situ 7 d after the insect release on all leaves of every plant, and counting was repeated daily until the new adults emerged. Counts were done early in the morning before the adults began to fIy. Three days after the onset of adult emergence, the total numbers of pupae and empty pupal cases on all leaves of all plants were recorded. Greenhouse conditions were on average 20.4 Ϯ 0.2ЊC (range, 16 Ð24ЊC) and 75.3 Ϯ 2.1% RH.
Development Times of A. proletella (No-Choice Assay). This assay was performed in a climatic chamber at 22 Ϯ 1.5ЊC, 70Ð75% RH, and a photoperiod of 16:8 (L:D) h. Ten 5-d-old A. proletella females were removed from the stock colony and placed in each of 55 abovedescribed clip-cages (one cage per plant; Þve plants per Brassica cultivar) attached to the under surface of the leaves. Clip-cages were placed on the most expanded leaf of every plant, and this was consistent for all plants and cultivars. The caged females were held for a 4-h oviposition period under light conditions and then removed. After eclosion and after the crawlers had settled down on the leaf surface, each location of the Þrst instar was marked and numbered with a felt tip pen. Development of every individual was daily observed, but the mean values of developmental times for every life stage were calculated only from those individuals that completed the development to adults. As average temperature in the most important Spanish horticultural areas is around 22ЊC at the time these Brassica crops are present, we selected this temperature to determine the developmental periods of immature stages of A. proletella on the selected cultivars.
All experiments were carried out at the Centro de Ciencias Medioambientales (Madrid, Spain).
Data were log 10 (x ϩ 1)-transformed and analyzed using a one-way analysis of variance (ANOVA) and a TukeyЈs means-separation test (StatSoft 1994). Per- Values are means Ϯ SE. Means within a column followed by different letter are signiÞcantly different (P Ͻ 0.001, Tukey´s HSD, following arcsin transformation for proportions).
centages were transformed using arcsine square-root transformation before analysis.
Results
Reproduction. Oviposition, in terms of mean number of daily eggs per female, was signiÞcantly greater (F ϭ 9.27; df ϭ 10,99; P Ͻ 0.001) on broccoli cultivar Agripa and late caulißower cultivar Picasso than on the other cultivars tested (Table 1) . Oviposition rate on red cabbage cultivar Cabeza negra was 20% that of Picasso. Mean number of pupae was signiÞcantly greater (F ϭ 1479.8; df ϭ 10,209; P Ͻ 0.001) on late caulißower (cultivars Picasso and Mayfair) and on broccoli (cultivars Agripa and Chevalier) than on all other cultivars tested. Similar results were obtained with respect to the production of adults (F ϭ 650.3; df ϭ 10,99; P Ͻ 0.001). Percent adult emergence ranged from 76% on broccoli cultivar Chevalier to 24% on late caulißower cultivar Arbon (Table 1) .
Host Preference. The average daily percentage of plants infested with A. proletella and the number of adults per day on each plant also varied signiÞcantly with cultivars. The mean percentage of plants infested with adults per day was signiÞcantly greater (F ϭ 1472.8; df ϭ 10,99; P Ͻ 0.001) on late caulißower cultivar Picasso, followed by broccoli cultivars Agripa and Chevalier. The mean numbers of adults per day were signiÞcantly greater (F ϭ 445.4; df ϭ 10,99; P Ͻ 0.001) on late caulißower cultivars Picasso and Mayfair and on broccoli cultivars Agripa and Chevalier than on the other cultivars ( Table 2 ). The greatest mean numbers of pupae per plant and pupae per leaf per plant, including empty pupal cases, were also obtained on Picasso and Agripa ( Table  2 ). The shortest development time (egg to adult) was obtained on late caulißower cultivar Mayfair (20 d), Values are means Ϯ SE. Means within a column followed by different letter are signiÞcantly different (P Ͻ 0.001, Tukey´s HSD, following arcsin transformation for proportions).
a Empty pupal cases are included. Values are means Ϯ SE. Means within a column followed by different letter are signiÞcantly different (P Ͻ 0.001, Tukey´s HSD).
whereas a total of 37 d was required to complete full development on red cabbage. Development. Differences in averages of developmental time of all life stages of A. proletella among the selected cultivars of a certain crop were observed. In general, development of egg (F ϭ 76.97; df ϭ 10,642; P Ͻ 0.001) and immature stages of A. proletella was signiÞcantly faster on broccoli cultivar Agripa and late caulißower cultivars Picasso and Mayfair than on the other cultivars (Table 3) . A signiÞcant variation in the number of days required for A. proletella to complete development from egg to adult was observed among cultivars of the same crop (F ϭ 141.73; df ϭ 10,642; P Ͻ 0.001). For example, this number ranged from 18 to 27 d on late caulißower and broccoli cultivars. However, it was similar on early caulißower cultivars Matra and Nautilus. The longest development was obtained on red cabbage, where A. proletella required 35 d to complete development from egg to adult.
Discussion
Knowledge of the biology of insects causing damage to cabbage crops of economic importance, especially on the development and reproductive activity of those insects on a certain host, is important for a better understanding of their population dynamics.
Differences in the population behavior of insects is common, and variation may inßuence host selection (Bethke et al. 1991, Bernays and Chapman 1994) . Studies of variation of population developmental rates on different cultivars of a certain crop are important tools in achieving effective regional whiteßy management (Zalom et al. 1995 , Muñ iz 2000 . For instance, it was shown that host plants on which whiteßies feed seem to be an important factor in selection for resistance to insecticides, and these effects are crop speciÞc (Riley and Tan 2003) . In addition, host selection is a critical element in the success of biological control of insects because selection of host species will affect the choice by the natural enemies (Hagvar and Hofsvang 1991) .
Although literature on the whiteßy A. proletella referring to plant-insect interactions is scarce to date, investigations have recently become more abundant on its ecology and distribution, because this species is increasing to high population densities in different Brassica crops (Alcázar and Lacasa 1999 , Loomans et al. 2002 , Trdan et al. 2003 . However, we did not Þnd many data on host suitability of Brassica crops to A. proletella with which to compare our results. Our present Þndings indicate that all tested cultivars of B. oleracea are hosts of A. proletella in terms of oviposition, production of pupae and adults, infestation rates, and development. This is in accordance with results on other whiteßy species from Simmons (2002) , who found that, among Þve vegetable hosts, collard (B. oleracea L. variety Ôacephala de CondolleÕ) was highly attractive for feeding by the whiteßy Bemisia tabaci (Gennadius).
However, host suitability data from this study vary widely with cultivar. For broccoli cultivars, the best hosts were Chevalier and Agripa, followed by Marathon and Navona. Despite observing some adults on red cabbage (cultivar Cabeza negra), we do not consider this cultivar a suitable host for whiteßy reproduction because of the low production of eggs, pupae, and adults. In a previous study to compare susceptibility of four Brassicas to A. proletella, Trdan and Papler (2002) found only an individual specimen on cabbage.
All cultivars of early caulißower were intermediate hosts. Late caulißower cultivars presented a wide variation in host suitability: Picasso and Mayfair were the best hosts, but Arbon hosted a low number of whiteßy adults with a long development from egg to adult.
The number of days required for A. proletella to complete development from egg to adult was very similar in the host preference study (greenhouse assay at average 20ЊC) and in the development study (climatic chamber at constant 22ЊC), possibly because the greenhouse temperature was nearly 26ЊC at noon.
Because some of these Brassica crops are important reservoirs for A. proletella whiteßies, they could offer susceptible host material and the opportunity for these insects to expand their populations. Therefore, estimating biological parameters, such as the infestation and developmental rates on these plants, is an important goal for a better understanding of the inßuence of whiteßy reproduction on crop production.
From this study, we conclude that the red cabbage cultivar Cabeza negra and the late-caulißower cultivar Arbon were the most effective in maintaining low numbers of A. proletella. Therefore, these cultivars may be useful in cropping systems to reduce population densities of these whiteßies as an alternative to other more susceptible Brassica cultivars.
